An RNA fold is the result of packing together two or more coaxial helical stacks. To date, four RNA folds have been determined at near-atomic resolution by X-ray crystallography: transfer RNA, the hammerhead ribozyme, the P4-P6 domain of the Tetrahymena group I intron, and the hepatitis delta virus ribozyme. All four folds result in RNAs that are considerably more compact than isolated A-form duplexes. These structures illustrate, to varying degrees, three modes of fold stabilization: association of complementary molecular surfaces, stabilization of close RNA packing by binding of cations, and stabilization through pseudoknotting.
SUMMARY AND PERSPECTIVES
Twenty-five years ago, the structure determinations of tRNA Phe demonstrated that ribonucleic acid can adopt a compact, globular fold (27, 48) . In the last five years, the structures of three new RNA folds have been determined at nearatomic resolution: the hammerhead ribozyme (45, 51) , the P4-P6 domain of the Tetrahymena group I intron (4) , and the hepatitis delta virus (HDV) ribozyme (18a) . Side-by-side comparison of the four known RNA folds shows that they all are constructed by packing together coaxially stacked helices. To different extents in the four folds, the packing appears to be stabilized by nonhelical or tertiary hydrogen bonding networks, coordination of metal ions, and by the connectivity of the RNA backbone.
In this review, we first summarize the overall features of the four known RNA folds, and then compare and contrast their size, complexity, and inferred or experimentally verified modes of fold stabilization. We are witnessing rapid growth of structural information on RNA and can expect many more structure determinations of new RNA folds in the near future. The structural information will be pivotal in elucidating the biochemical roles and capabilities of RNA in biological systems.
TRANSFER RNA AND CONCEPTUAL FRAMEWORK
The A-form antiparallel double helix composed of Watson-Crick base-pairs is the basic element of RNA structure. Helices can be as short as two base pairs, and in principle there is no maximum length. Most RNA helices are not comprised purely of Watson-Crick pairs, but contain noncanonical pairs and bulges that are accommodated within the helical framework. Local structural elements that are observed multiple times in near-atomic or atomic resolution structures are called motifs (33) . Double helices can be formed by adjacent sequences, in which case the result is a hairpin, or by complementary nucleotides that are distant in the primary sequence. The set of helices that are formed by an RNA and their interconnections, sometimes incorrectly called topology, is the secondary structure. This usage is different from that in proteins, because nucleic acid helices are double stranded.
As a result of the strength of base-stacking interactions in solution (60) , RNA helices form coaxial stacks, the next higher level of structure. We define an RNA fold as the result of the packing of at least two coaxial helical stacks against each other. Although some simple hairpins or coaxial stacks can perform limited biochemical functions, such as providing binding sites for their cognate proteins (e.g. 9, 34, 39, 46) or small ligands (15, 17) , most RNA molecules that perform sophisticated biochemistry are thought to have specific folds.
Because they are part of one molecule, the helices that form stacks and folds must be connected through their main-chain, or phosphate-ribose backbones. These connections are called strand crossovers. The crossovers can consist of just the phosphate backbone between two adjacent nucleotides that belong to different helical stacks, or of numerous nucleotides. In addition, segments of the RNA contact each other through base pairing (to form double helices), and through nonhelical hydrogen bonding, ionic, and van der Waals interactions. These interactions, when they occur between nonadjacent nucleotides, are called tertiary contacts and can involve both base and backbone atoms. Triplexes and quadruplexes are defined as tertiary structural elements in which atoms of the bases of three or four RNA strands make contact.
Transfer RNA (Figure 1 ; see color Figure 2 at end of volume) illustrates the concepts just defined. The sequence or primary structure of most tRNAs can be arranged into the classical cloverleaf consisting of four helical segments: the acceptor, anticodon, D, and T stems or arms (54) . This RNA adopts an L-shaped fold in which two coaxial helical stacks meet at right angles (27, 48) . The acceptor and T stems stack together, whereas the D and anticodon stems form a second continuous helix. The two extended helices interact through their terminal T and D loops as well as through nucleotides in the sequences joining the four helical segments. The key nucleotides involved in tertiary interactions are conserved, implying that most tRNAs have essentially the same fold. The majority of these tertiary interactions result in the formation of short triplexes. Magnesium cations located in nonhelical regions of the molecule may stabilize the fold (54) . We now turn to the three RNA folds that have been determined at near-atomic resolution in recent years.
THE HAMMERHEAD RIBOZYME

Background
The hammerhead ribozyme is a catalytic RNA that was discovered in the RNA genomes of some plant pathogens and also in satellite RNAs from newt mitochondria (58) . Like the unrelated hairpin, hepatitis delta virus, and Varkud satellite ribozymes, this ribozyme catalyzes a trans-esterification, cleaving its RNA backbone at a specific phosphodiester bond within one of the helices and yielding products with 5 -hydroxyl and 2 ,3 -cyclic phosphate termini. The hammerhead RNA consists of three base-paired stems connected by two invariant single-stranded regions. The hammerhead appears to be a metalloenzyme, requiring one, or possibly several, metal ions for activity (40) . 
Structure
Two independent structure determinations of the hammerhead ribozyme have been reported. In the first, a two-stranded hammerhead RNA included an all DNA "substrate" strand. Because the nucleophile in the trans-esterification reaction is the 2 -hydroxyl group adjoining the scissile bond, this prevented self-cleavage during crystallization (45) . In the second crystallographic study, the substrate strand was modified exclusively at the nucleophile by utilizing a synthetic RNA in which the reactive hydroxyl group had been replaced by a methoxyl function (51) . The two crystal structures are similar (root-mean-square difference = 0.73Å). RNA segments previously thought to be single-stranded form a helical segment, with noncanonical pairs, which stacks between stems II and III. Stem I branches off the stack to form a Y-shaped molecule with a U-turn at the junction ( Figure 3 ; see color Figure 4) . The nucleotides at the junction form a putative active site pocket.
These two structures of the hammerhead ribozyme appear to represent the ground state conformation of this catalyst, because the reactive groups are far away from the in-line conformation they must adopt in the transition state (16, 37) . Several cation binding-sites have been observed crystallographically in the hammerhead ribozyme, and their roles in catalysis are the subject of numerous studies. These have been reviewed elsewhere (52, 61) .
THE P4-P6 DOMAIN OF THE TETRAHYMENA SELF-SPLICING INTRON
Background
Group I introns, defined by a conserved catalytic core and reaction pathway, splice precursor RNAs to form mature ribosomal, transfer, or messenger RNAs (7). Half of the conserved core in the Tetrahymena thermophila intron resides in an independently folding domain consisting of the base-paired (P) regions P4 through P6 (P4-P6) (35) . The P4-P6 domain alone folds into a structure whose chemical protection pattern is very similar to that seen for the P4-P6 region of the intact intron (8, 35, 36) . Furthermore, the P4-P6 domain can assemble with the remainder of the intron in trans to reconstitute catalytic activity (12) . Folding of both the P4-P6 domain and the intact intron occurs only in the presence of magnesium ions (8) . Introns of the subclass to which the Tetrahymena intron belongs have a nonconserved extension comprised of three paired regions-P5a, P5b, and P5c-which fold first in the kinetic folding pathway of the intron (63) .
Structure
The 2.8-Å-resolution crystal structure of the 160-nt P4-P6 domain (4) revealed that this RNA adopts a fold composed of two coaxial stacks ( Figure 5 ). P4, P5, and P6 of the phylogenetically conserved core of the intron form an essentially continuous helical stack, as do the helices P5a and P5b of the variable extension. The third helical segment of the extension, P5c, forms a triple-helix junction with P5a and P5b. The two helical stacks are arranged side by side and are connected by two parallel strand crossovers at the top of the molecule, so that the fold resembles a candy cane (see color Figure 6 ). Two sets of tertiary interactions between loops in the P5abc extension and the minor groove of P4-P5-P6 clamp the two stacks together: An adenosine-rich corkscrew (the A-rich bulge) plugs into the minor groove of helix P4; and a GAAA tetraloop binds to a conserved 11-nt internal loop, termed the tetraloop receptor.
The backbone of the A-rich bulge makes a corkscrew turn held by two wellordered magnesium ions. Two of its adenosine bases are flipped out and interact with adjacent residues of the P4 helix. A186 on the other side of the bulge fits into pockets in the three-helix junction ( Figure 5 ). Site-directed mutagenesis and modification interference experiments have demonstrated that these interactions are crucial to the stability of the entire domain (36, 38) .
The other half of the clamp involves the interaction of a GAAA tetraloop with a tetraloop receptor (color Figure 6 ). The tetraloop adopts the conformation seen previously in other molecular contexts (21, 44) and interacts with an 11-nucleotide (nt) motif with a widened minor groove that docks with the tetraloop in a highly specific manner (4). The tetraloop-receptor interaction incorporates a ribose zipper (4) and an adenosine platform (5), and its structure appears to be stabilized by binding of a potassium ion (1). The tetraloop receptor motif has been detected in many RNA sequences (10) .
THE HEPATITIS DELTA VIRUS RIBOZYME
Background
The hepatitis delta virus is a human pathogen with a 1700-nucleotide, circular, single-stranded RNA genome. The viral genome is replicated by the host RNA polymerase II through a double rolling-circle mechanism, resulting in linear multimers of the genome and the complementary antigenome. The multimers are processed into unit-length RNAs by a self-cleaving activity, the HDV ribozyme, which is part of both RNAs. Eighty-five nucleotides of either strand can be taken out of their genomic or antigenomic context, and will catalyze a trans-esterification similar to that catalyzed by the hammerhead ribozyme. The HDV and hammerhead ribozymes, however, have distinctly different sequences and structures (2, 29) .
No nucleotides 5 of the cleavage site participate in the secondary structure of the HDV ribozyme ( Figure 7) . Consistent with this, the ribozyme will cleave a single nucleotide 5 of the scissile bond. Furthermore, this (−1) nucleotide can have any purine or pyrimidine base. There is no requirement for particular sequences further upstream. Other remarkable features of the ribozyme Figure 7 Secondary structure of a genomic HDV ribozyme. The P4 stem was altered for crystallization by introduction of a U1A protein binding site, without affecting HDV ribozyme activity (18a).
are its high reactivity (approximately 100 times faster than the hammerhead ribozyme), its activity in high concentrations of denaturants such as 8 M urea of 15 M formamide, and its nonspecific requirement for cations (2, 29) .
Structure
We recently determined the crystal structure of a genomic HDV ribozyme at 2.3Å resolution (18a). The HDV ribozyme folds into a compact structure comprised of five helical segments, P1, P1.1, P2, P3, and P4, connected as a nested double pseudoknot. The five helical segments form two parallel stacks: P1, P1.1, and P4 stack nearly coaxially, whereas P2 and P3 form a second coaxial stack (see color Figure 8 ). The two helical stacks are in turn joined side by side by five strand crossovers located at the joining regions J1/2 and J4/2, the connection between P3 and P1, and at either end of P1.1. The helix P1.1 is the key interaction that constrains the ribozyme into its unique three-dimensional fold by bracing together the P1 substrate-bearing helix, the P2-P3 stack, the P4 helix, and the functionally important J4/2 region. No tightly bound metal ions were found in the HDV ribozyme; the fold is stabilized entirely by base-pairing, stacking, and tertiary base-backbone and backbone-backbone interactions.
A pseudoknot is a nucleic acid structure characterized by base pairing between nucleotides in the loop of a conventional hairpin duplex with complementary residues outside that hairpin (43) . The first pseudoknot in the HDV ribozyme was predicted by Perrotta & Been on the basis of sequence comparison and compensatory mutagenesis (41) , and results from the presence of P2, in which nucleotides in the loop of the hairpin P1 base-pair with sequences distal to it. The two-base-pair helix P1.1 introduces the second pseudoknot into the structure. This pseudoknot, which characterizes the HDV ribozyme fold, is nested between the paired segments that constitute the first pseudoknot because its two constituent helices P1.1 and P3 stack with the helices (P1 and P2, respectively) of the first pseudoknot. This order of stacking is different from that of classical pseudoknots where two consecutive stems stack coaxially, and the two crossovers make triplex interactions in the major and minor grooves (28, 42) .
Hydroxy radical footprinting of genomic and antigenomic ribozymes demonstrated strong protection of the RNA backbone on the 5 side of P3 and L3, the nucleotides at the junction of P3, P1, and J4/2, and weaker protection of guanosines 38-40 (49) . In good agreement, the crystal structure shows that these segments line a deep active site cleft that buries the 5 -hydroxyl leaving group of the self-scission reaction. The position of this functional group identifies the active site of the HDV ribozyme. This active site cleft is formed on three sides by the substrate-bearing P1 helix, J4/2, and a niche formed by the minor groove of P3 and L3. It is enclosed on top by the arching RNA backbone in the junction of P3 and P1, and supported from below by the P1.1 helix. The HDV ribozyme fold is, in principle, defined by the stacking of helical segments and the placement of strand crossovers. However, a number of tertiary interactions appear to stabilize the ribozyme and also position key functional groups in its active site. One of these, the trefoil turn, might activate the key C75 nucleotide for catalysis (18a).
RNA FOLDS AND FOLDING
Size, Complexity, and Compactness
Comparison of the four folds reveals some common themes of RNA organization. The majority of nucleotides in all four folds are involved in base stacking interactions. This is not surprising given the strength of hydrophobic and aromatic-aromatic interactions in aqueous solutions. Although individual RNA helices are relatively short, the prevalence of stacking results in long, pseudocontinuous helices. Thus, noncanonical base pairs and nucleotide bulges are often accommodated within the stacks.
The four RNA folds known at near-atomic resolution are comprised each of just two coaxial stacks, the minimum to qualify as folds. While this at least in part reflects technical limitations, such as the difficulty in obtaining well-ordered crystals of very large RNAs, it might also indicate that two-stack folds are common. Because RNA folding must overcome considerable coulombic repulsion, even when a large fraction of the negatively charged phosphates are neutralized by nonspecific counter-ion condensation (31) as well as specific metal ion binding (30, 40) , folds that can accomplish their biological function while minimizing the number of interfacial buried charges might have a selective advantage.
The tRNA, hammerhead, P4-P6, and HDV ribozyme two-stack folds encompass a broad range of size and complexity. The smallest and simplest is the hammerhead fold, which can be assembled with less than 40 nucleotides and consists of a two-helix stack and a third helix packed against the junction of the first two, forming a small, buried interface. The tRNA fold (∼80 nt) is intermediate both in size and complexity, whereas the 160-nt P4-P6 fold is the largest currently known. Functional HDV ribozymes can have as few as 60 nucleotides. This ribozyme fold bears a superficial resemblance to the P4-P6 domain in that two helical stacks are arranged side by side. However, the stacks of P4-P6 are brought together by two sets of loop-to-helix-groove contacts involving noncanonical interactions (the A-rich-bulge-P4 and tetraloop-receptor contacts), whereas the smaller HDV ribozyme achieves its compact structure by adopting the complex double pseudoknot fold.
How compact are folded RNAs compared to standard A-form duplexes? A measure of compactness is the solvent-accessible surface area of an RNA normalized by its number of nucleotides. Table 1 shows that after correction for helix-end exposure, canonical A-form duplexes present about 180Å 2 of surface per nucleotide to solvent. The smaller RNA domains (hammerhead and HDV ribozymes, tRNA, and the two subdomains of P4-P6, P5abc and P4-P5-P6) range between 160 and 167Å 2 /nt, with the HDV ribozyme the most compact. The P4-P6 domain appears to be considerably more compact than the smaller folds; it has an accessible surface area of only 148Å 2 /nt. This might be somewhat surprising, since its constituent subdomains have accessible areas of 161 and 165Å 2 /nt. What this difference reflects is the large surface area that the P5abc subdomain buries on the core P4-P5-P6 stack, thanks in part to the nearly perpendicular arrangement of the distal portion of the P5c helix relative to the P5a-P5b stack. We have classified P4-P6 as a two-stack fold in spite of this perpendicular helix, because the proximal portion of P5c participates in the P5a-P5b stack. Nonetheless, the accessibility calculation shows that, at least by the criterion of compactness, P4-P6 is qualitatively more complex than the smaller two-stack folds.
If the degree of compactness is roughly proportional to the number of helical stacks that are brought together, as suggested by the comparison of P4-P6 to the other three folds, we would expect even more tightly packed folds when larger RNA structures are determined. However, because RNA folds result from packing of double-stranded helices, a lower bound to the accessible area per nucleotide must be set by the geometric limitations of helix-or, to a first approximation cylinder-close packing. Thus, even very tightly packed RNA folds are likely to be less dense than protein folds (47) .
How Are RNA Folds Stabilized?
In a prescient review written before the structures of P4-P6 and the HDV ribozyme were determined, Draper proposed that three strategies could be used to stabilize RNA folds (13) . First, hydrogen bonding networks might facilitate association of complementary RNA surfaces. Second, coordination of specific metal ions might mediate packing. Third, a convoluted fold such as a pseudoknot might be conformationally constrained by the fold itself. This last mode is not a tautology, because pseudoknots are defined by the pattern of WatsonCrick pairs, or secondary structure. The four RNA folds illustrate all modes of stabilization.
FOLD STABILIZATION BY COMPLEMENTARY SURFACES Tertiary interactions are responsible for association of complementary surfaces. Therefore, this mode of stabilization is present in all folds to some extent but is most graphically illustrated in the P4-P6 fold. The two helical stacks of this fold (the P5abc and P4-P5-P6 subdomains), which are covalently connected by a pair of crossovers only at one end and thus not conformationally restrained relative to each other, are brought into close parallel apposition by two discrete sets of loop-to-minorgroove contacts: the A-rich-bulge-P4 and tetraloop-receptor interactions. The importance of this type of fold stabilization is demonstrated dramatically by mutation of A186, which lies at the center of a dense network of hydrogen bonds in P5abc. Mutations at this position not only affect the structure locally, but result in unfolding of the entire domain (36) .
Several sets of tertiary interactions, or motifs, have already been observed multiple times in RNA structures and are predicted to occur in other RNAs based on sequence analysis (33) . The ribose zipper is present both in the P4-P6 domain and in the HDV ribozyme. Adenosine platforms occur in three different places in the P4-P6 domain and appear to mediate folding of the intact group I intron (5). The adenosine platform also participates in formation of the tetraloop receptor, which binds to a GAAA tetraloop, itself a motif. This last tertiary interaction motif is modular in the sense that it can be placed in different molecular contexts and still participate in the same type of association (18) .
FOLD STABILIZATION BY CATION BINDING Fold stabilization by coordination of metal ions would involve, in the strict sense, association of two helical stacks mediated purely by cations. Such an RNA structure has not yet been observed. Nevertheless, at least in one case, crystallographically observed metal ions have been demonstrated to mediate RNA folding indirectly by stabilizing RNA conformations, which in turn participate in tertiary interactions. Five magnesium ions were observed crystallographically to bind to the three-way P5abc junction of the P4-P6 domain, and single-atom changes in any one of four experimentally accessible cation binding sites abolished folding of the junction, and as a consequence, the entire 160-nt P4-P6 domain (6) .
A monovalent ion binding site was demonstrated underneath adenosine platforms by both X-ray crystallography and nucleotide analog interference mapping. A single-atom substitution of an oxygen ligand with sulfur changed the specificity of a site within the P4-P6 domain from the hard cation K + to the soft metal ion Tl + . A similar effect was observed in a group I intron from Azoarcus. Furthermore, activity assays on this intron demonstrated that K + binding is important for splicing activity, and that this cation cannot efficiently be replaced by Na + , Li + , or Cs + (1). Starting with classical experiments on tRNA (56, 57) , cation involvement in RNA folding has been extensively documented. Metal ions have also been observed to participate intimately in the formation of local RNA structures, such as guanine quadruplexes (26), cation mediated loops (23, 25) , and distorted helical grooves (9) . However, their detailed manner of participation in the stabilization of RNA folds mostly remains to be established and constitutes an exciting area of inquiry.
FOLD STABILIZATION BY CHAIN CONNECTIVITY The HDV ribozyme illustrates stabilization of an RNA fold by the order of connection of helical segments. This doubly pseudoknotted ribozyme is of similar size to the simply connected hammerhead, yet achieves a compact structure in which two helical stacks are tightly packed side by side to produce a deep catalytic cleft. This structure is so stable that the ribozyme is active in high concentrations of denaturants. Other naturally occurring ribozymes, such as the hammerhead, are strongly inactivated by denaturants and also display catalytic rates which are about 100 times slower than that of the HDV ribozyme.
Two lines of evidence support the notion that the connectivity of the main chain stabilizes the HDV ribozyme fold. First, deletion or mutagenesis of the nucleotides that form P1.1 to nucleotides that would not form Watson-Crick pairs reduces ribozyme activity by three to five orders of magnitude. P1.1 is the helix that establishes the second of the two nested pseudoknots of the HDV fold. Disruption of this helix would delete two out of the five crossovers present in the HDV fold, converting it into a single pseudoknot. Second, disruption of the other pseudoknot by cleaving the ribozyme at the J1/2 crossover at the top of the molecule (Figure 7 ) produces molecules that are active in trans. However, these trans-ribozymes have cleavage rates that are about two orders of magnitude slower than those of the parent cis-ribozymes. These slower rates are comparable to those of the hammerhead ribozyme. Furthermore, the transribozymes are inactive in denaturants, showing that the pseudoknot involving J1/2 provides an important part of the stabilization of the fold (2) .
The HDV ribozyme fold may occur in other RNAs. For instance, a nested double pseudoknot structure was proposed for the translational repressor of the α operon of Escherichia coli (59) . Intriguingly, it was found that the thermal unfolding of the two inner helices of the α repressor (corresponding to P2 and P3 in the HDV ribozyme) is coupled, which suggests that they might be stacked as seen in the HDV ribozyme (19) . Another double pseudoknot fold has been proposed for a very active RNA ligase identified by in vitro selection (14) . Because of the abundance of base-pairing interactions between segments that are distant in sequence, observed in large RNAs such as ribosomal RNA and RNase P, we expect fold stabilization by intricate main-chain connectivity to be a strategy often adopted by RNA.
Stability and Function
When rationalizing the importance of RNA folds in terms of structure-function relationships, it should be kept in mind that RNA duplexes are very stiff, at least in solutions of physiological ionic strength (20) . When the structure of tRNA Phe was determined, it was suggested that placement of the anticodon and acceptor moieties on the far ends of the molecule was important. Images of tRNA molecules in the active site of ribosomes suggest that the fold, as well as the rigidity of the molecule, is important for bridging between the decoding and peptidyl-transferase sites (55) .
Although the structure of the hammerhead in the active state remains to be determined, it is possible that the molecule twists somewhere along its Y junction to reach the transition state. If this is the case, the helical stacks might move as rigid bodies, with most of the flexing taking place in the interhelical interface made by tertiary contacts. This is supported by the observation that the angle between the two helical stacks varies between molecules that are in different crystal environments (61) . Alternatively, movement might be confined to the immediate vicinity of the scissile bond (37, 53) .
In the case of P4-P6, folding kinetics studies have shown that the P5abc subdomain is the first segment of the entire intron to fold, followed by assembly of the P4-P6 domain (50, 63) . The structure of the fold can then be taken to indicate that the P5abc subdomain associates with a less stable P4-P5-P6 helix, and facilitates its helical stacking by lining one face of the helix. This would set the stage for assembly of the complete intron active site, of which the P4-P5-P6 constitutes an important part.
The HDV ribozyme fold is perhaps the most suggestive of the function of the RNA because of the resemblance of this RNA fold to that of many protein enzymes. The presence of a deep catalytic site cleft between the two helical stacks of the fold where the 5 -hydroxyl leaving group is snugly placed between potentially reactive backbone and base functional groups immediately suggests an analogy with protein enzyme active sites, where substrates are bound, positioned, and activated for catalysis.
CONCLUSION
As discussed above, some modes of stabilization of RNA folds might result in weakly formed structures. This suggests that whereas many RNAs could in principle have intramolecular or interstack interfaces that are conducive to folding, the free energy of folding might be small enough to require the binding of a protein to drive the equilibrium in the folded direction (1a) . If this is true, it would be expected that many RNA folds within ribonucleoproteins (RNPs) would be similar to those of RNAs that fold spontaneously. Such a role for proteins is also consistent with most biologically important RNAs in presentday cells occurring as RNPs (e.g. ribosomes, spliceosomes, signal recognition particle, mobile group II introns, etc). In the case of group I introns, two studies imply that proteins can play precisely such a role in stabilizing RNA folds that, in other contexts, are stable by themselves (32, 62) .
How many RNA folds exist? If there is a finite, relatively small number of folds, is this a consequence of the intrinsic chemical stability of the folds, or a reflection of the number of RNA folds present at the origin of life? The discovery that the GNRA tetraloop motif, common in biological RNAs, forms part of the substrate binding pocket in an artificially selected molecule (11, 24) , argues that some RNA motifs are prevalent due to their intrinsic chemical stability. Only the determination of more structures will tell whether this holds for RNA folds as well. 
